Advances in high-current linear-accelerator technology since the design of the Fusion Materials Irradiation Test (FMIT) Facility have increased the attractiveness of a deuteriumlithium neutron source for fusion materials and technology testing. This paper discusses the conceptual design of such a source that is aimed at meeting the near-term requirements of a high-flux high-energy International Fusion Materials Irradiation Facility (IFMIF). The concept employs multiple accelerator modules providing deuteron beams to two liquid-lithium jet targets oriented at right angles. This beam/target geometry provides much larger test volumes than can be attained with a single beam and target and produces significant regions of low neutron-flux gradient. A preliminary beam-dynamics design has been obtained for a 250-mA reference accelerator module. Neutron-flux levels and irradiation volumes were calculated for a neutron source incorporating two such modules, and interaction of the beam with the lithium jet was studied using a thermal-hydraulic computer simulation. Approximate cost estimates are provided for a range of beam currents and a possible facility staging sequence is suggested.
INTRODUCTION AND BACKGROUND
According to a recent international assessment of fusion technology and materials-testing needs, ~1) the present understanding of materials behavior in a fusion-reactor radiation environment is insufficient to guarantee the required performance and endurance of future fusion-reactor components. The perceived need for a high-flux materials-testing neutron source to address this problem resulted in an International-Energy-Agency (IEA) initiative to examine neutron source requirements and to evaluate the technologies available for meeting them in the near term. The IEA initiative fostered a series of regional meetings (in the U.S., Europe, and Japan) throughout 1988 to consider neutron-source options and requirements, and culminated in February 1989 with an international workshop (2~ in San Diego to select the most promising source candidates. This paper describes an accelerator-driven neutron-source concept that has been developed during the past year, ~ and that was presented at the San Diego workshop. The scheme is based on the same general approach as that proposed in the Fusion Materials Irradiation Test (FMIT) facility, (6) but takes advantage of improvements in the technology of high-current ion accelerators (7'8) that have occurred during the past decade to offer a more attractive and cost-effective facility for fusion materials testing. As in FMIT, 35-MeV deuterons are used to generate a fusion-like neutron spectrum from the thick-target neutron yield of the Li(d,n) nuclear stripping reaction. (9~ This spectrum, which peaks near a neutron energy of 14 MeV, produces atomic displacements (dpa) and transmutation products, e.g., Helium, in irradiated materials with ratios that bracket the complete range of expected fusion reactor environments. Also, because the deuteron energy is adjustable, the dpa/He ratio can be tuned to evaluate possible spectrum-dependent effects.
The FMIT concept involved a single (100-mA) beam incident on a single lithium target. The useful test volume was relatively modest and steep neutron-flux gradients were a significant concern for materials experimenters. The improved D-Lithium scheme presented here proposes two deuteron beams incident on two lithium targets at fight angles, arranged in the configuration shown in Fig. 1 . The beams would be generated by accelerator modules capable of delivering up to 250 mA each. With a total delivered current of 500 mA and an orthogonal target geometry, much greater materials-test volumes can be obtained than in FMIT, at equivalent neutron wall-loading-power levels relevant to expected fusion-reactor environments. The two-target geometry and modular accelerator system provides considerable flexibility in the achievable neutron-flux levels and test volumes, and also permits flux-gradient tailoring, staged expansion of testing capability, and improved facility availability. This paper focuses on a reference design consisting of a two-module neutron source, with each deuteron accelerator delivering a 250-mA cw beam. Each module would consist of two D + dc injectors, two radio-frequency quadrupoles (RFQs), a beam funnel, and a single drift-tube linac (DTL). The reference neutron source contains two lithium jet targets oriented at 90 ~ with respect to each other, with each target receiving one beam. However, even within the framework of a two-beam, two-target system, many other design variations are certainly possible. As implied in the figure, the total deuteron current could be expanded to 1000 mA in a straightforward way by adding two more accelerator modules, or it could be reduced to 250 mA (or less) by eliminating one RFQ from each module.
The paper presents a conceptual design for a 250-mA accelerator module, assesses the capability of a lithium jet target to handle the deuteron beam power, describes the neutron environment for materials testing generated by a two-module D-Lithium source, and addresses the suitability of the neutron spectrum for fusion-relevant measurements. It describes a possible facility-staging sequence, and summarizes construction and operating costs for a range of facility scales. Finally, a figure-of-merit relationship is derived, to allow comparison between the D-Lithium neutron source concept and other proposed fusion-technology neutron sources.
FMIT Technology Base
The FMIT facifity, designed in 1978-1981, was to provide a 100-mA deuteron beam to a lithium-jet target, generating a 0.5-liter test volume exposed to a minimum uncollided neutron flux of 1014 n/cm2/s (equivalent to a fusion-reactor wall-loading power of about 2.3 MW/m2), and a 10-cm 3 volume at 10 t5 n/cmZ/s (about 23 MW/m2). Flux gradients in the test zone were relatively steep. The accelerator con-
